Abstract A potentially novel antimicrobial compound producing Pediococcus acidilactici LAB 5 was isolated from vacuum-packed fermented meat product. This compound was found active against some species of Enterococcus, Leuconostoc, Staphylococcus and Listeria, many of which are associated with food spoilage and food related health hazards. The strain was found to be a paired cocci which can utilize a broad range of carbohydrates and produce acid identical to the P. acidilactici and P. pentoseus. Since the antimicrobial agent was sensitive to proteolytic enzymes but quite resistant to heat, it was identified as a bacteriocin and was designated as Pediocin NV 5. The molecular weight of the bacteriocin was 10.3 kDa and the bacterium possessed a 5 kbp plasmid responsible for bacteriocin production and also for vancomycin resistance phenotype.
Introduction
Naturally fermented foods are a great source of different types of fermenting microbes specially lactic acid bacteria group. Lactic acid bacteria produce a variety of compounds during sugar fermentation such as organic acids, hydrogen peroxide, and bacteriocins etc. [1] . These compounds are either bactericidal or bacteriostatic. Among these, bacteriocins have some specialty in that they are ribosomally synthesized proteinaceous compounds that are inhibitory to a wide variety of organisms, mostly closely related to the producer organisms [2] [3] [4] . For these properties the use of bacteriocins to enhance shelf-life of fermented foods and feeds is now being exploited [5] [6] [7] . Bacteriocins from different strains of Pediococcus acidilactici H [8] , P. acidilactici PAC 1.0 [9] and Pediococcus pentosaceus [10] have been characterized for effective use in foods. Pediocins, produced by several species of Pediococcus, have some common properties that they mostly are anti-listerial and plasmid-borne [9, 11] .
In this study, we report on isolation and characterization of a new bacteriocin producing lactic acid bacterium, P. acidilactici LAB 5, from vacuum-packed fermented meat product (sausage), which produces a potentially novel plasmid borne bacteriocin, Pediocin NV 5.
Materials and Methods

Bacterial Strains and Media
A strain of lactic acid bacterium was isolated from vacuum packed fermented meat product (sausage) and was screened for bacteriocin production against two bacteriocin sensitive indicator strains Enterococcus faecalis MB1 and Leuconostoc mesenteroides Ly following previously described method [12] . All the producer and indicator strains were cultured in Lactobacillus MRS medium [13] (Hi Media) and were maintained in 10% glycerol-skimmed milk at -4°C. The bacteria against which the antimicrobial spectrum of Pediocin NV 5 was studied are enlisted in Table 1 . All the bacteria were procured from MTCC, IM-TECH, Chandigarh, India. The non-lactic acid bacteria were cultured and maintained in their respective media.
Isolation of the Producer Strain
Vacuum-packed ready to eat fermented meat products were purchased from local market. Each bag was punctured with a sterile needle and liquid drops from the packet were collected from where the producer strain was isolated on MRS agar plate. Plates containing 50 colonies or less (approx.) were overlaid with melted MRS soft agar (0.7%) seeded with E. faecalis MB1 and L. mesenteroides Ly indicator organisms, and were incubated at 28°C for 24 h to observe the zone of growth inhibitions. Colonies producing zones greater than 5 mm were flipped out and subsequently transferred in MRS agar plates for pure culture. The isolated strains were examined for morphology using light and scanning electron microscope and for Gram nature using crystal violet dye followed by ethanol washing; negative stain for detection of capsule formation was done by Nelsen solution, and endospore staining using malachite green stain following standard protocol. NaCl tolerance was studied by incubating the isolate in different concentration of NaCl amended MRS broth at 28°C for 24 h and observed for cell turbidity.
Identification and Characterization of the Isolated Strains
The isolated strain was tested for biochemical tests like catalase production, gelatin and nitrate reduction tests. Catalase test was done by flooding 3% H 2 O 2 on slides containing the strain and observed for any bubble formation. Catalase activity and gas production from glucose were determined by the methods of Kozaki et al. [14] . Gelatin and nitrate reduction tests were done following standard protocol. The carbohydrate fermentation profile was done using API-CH 50 identification test kit (bioMerieux) and further characterized by partial 16S rDNA sequencing and subsequent phylogenetic analysis to identify the strain. 16S rDNA sequencing was done using 5 0 -3 0 357 forward primer and 5 0 -3 0 685 reverse primer and phylogenetic tree was constructed by neighbor joining method [15] .
Assay of Activity and Determination of Antimicrobial Spectrum
Antimicrobial substance (bacteriocin) produced by the strain was detected by deferred method [12] and confirmed by spot-on-lawn method [12] . For deferred method, the producer strain was cultured overnight (O/N) and serially diluted and spreaded onto the surface of MRS agar plates. The plates were incubated for 24 h at 28°C to allow the colonies to appear and then overlaid with 5 ml of melted MRS soft agar (0.7%) seeded with overnight grown 6 9 10 7 cfu/ml of E. faecalis MB1. The plates were incubated at 28°C for 24 h and observed for clear zone of growth inhibition. In spot-on-lawn method, pre-poured MRS agar plates were overlaid with 5 ml melted soft agar (0.7%) inoculated with 50 ll of O/N grown 6 9 10 7 cfu/ml of indicator strain. Colony as well as the boiled and un-boiled cell-free aliquot (5 ll) of the producer strain were spotted on the lawn and incubated at 28°C for 24 h and observed for growth inhibition. The amount of bacteriocin production was calculated as arbitrary Activity Units (AU). One AU is defined as the reciprocal of the highest serial two-fold dilution showing a clear zone of growth inhibition of the indicator strain [3] . The antimicrobial spectrum was determined against a number of pathogenic bacteria (Table 1) belonging to both Gram-positive and Gram-negative category using heat killed cell free culture aliquot by spot-on-lawn method.
Partial Purification and Characterization of the Antimicrobial Substance
Partial purification of the bacteriocin was done following the adsorption-desorption method of Yang et al. [16] . The chemical nature of the antimicrobial substance was tested against pH, temperature, organic solvents and enzymes [17] . Partially purified bacteriocin was evaluated in tricine SDS-PAGE under denaturing condition [18] .
Plasmid Curing and Restriction Endonuclease Analysis
Plasmid was cured using non-hazardous chemical following the protocol of Ramesh et al. [19] . To cure plasmid, membrane sterilized ascorbic acid was introduced in sterile MRS broth at a concentration of 0.5-5.0 mM, pH of which was adjusted to 7.2 by addition of sodium bicarbonate. The producer strain was inoculated as 1% and incubated at 37°C and sub-cultured at every 18 h for two or three times in ascorbic acid added MRS broth. At every subculture the percent of viability and plasmid loss was enumerated using deferred method. The plasmid was purified following the protocol of Anderson and Mc Kay [20] and agarose gel electrophoresis was done following the procedure published by Sambrook and Russell [21] . Plasmid preparations for restriction endonuclease analyses were done in RE buffer (10 mM Tris, 4 mM NaCl, 0.1 mM EDTA, pH 8.0). Plasmid DNA was digested with EcoRI and Hind III restriction enzymes (Sigma) according to the instructions of the manufacturer. The restriction enzyme digest plasmid DNA was analysed to evaluate the plasmid size following the protocol of Sambrook and Russell [21] .
Antibiotic Sensitivity
The native and the plasmid-cured strains were tested for antibiotic sensitivity using antibiotic octodiscs (HiMedia product code OD 004, 023 and 026) to assess the antibiotic marker genes. Both the cured and native strains were grown in MRS broth for 15 h and inoculated in melted MRS soft agar as 1% and overlaid on MRS agar plate, octodiscs were placed on it and incubated at 28°C for 24 h and observed for zone of growth inhibition. Sensitivity and resistance were inferred by comparing the standard chart.
Results and Discussion
Isolation and Characterization of Bacteriocin Producing Strain
Bacteriocin producing strain of lactic acid bacteria was isolated on MRS agar plate against the sensitive indicators. The plates producing inhibition zone [5 mm around the colonies were picked up as antimicrobial compound producing organisms. Inhibition zone below that were ignored as these zones may be produced due to high amount of organic acid produced by the colonies. After screening a large number of colonies only one was selected as a potent antimicrobial-substance producer based on its inhibition zone size, which was greater than 9 mm. The isolated strain produced small white colonies on MRS agar medium. Broth cultures usually had uniform turbidity. The strain could grow at pH 7.0 and at 35°C, microaerophilic. It tolerated up to 10% of NaCl salt concentration. Scanning electron microscopic observation showed typical cocci in paired condition (Fig. 1) without any motile structure. Single cells or cells in chain were not found. Gram staining showed its positive nature and negative nature in malachite green staining showed its non-spore formation. Negative staining for slime was also found negative suggested for non-capsular structure. Hydrogen peroxide test produced no bubble formation hence it is inferred as catalase negative. Acid but no gas produced from glucose, fructose and mannose. Gelatin was not liquefied and nitrates not reduced to nitrites. It required complex medium having growth factors and amino acids for growth. From these observations it was inferred that the isolate is a species of Pediococcus [22] . Carbohydrate fermentation pattern of the isolate showed that it could ferment L-arabinose, ribose, galactose, glucose, fructose, N-acetyl glucosamine (nag), esculine, cellobiose, gentibiose, tagatose, trehalose, rhamnose, arbutin, salicin and D-xylose but unable to ferment amygdalin, raffinose, maltose, lactose, melibiose, saccharose and inositol (Table 2) . It did not produce gas (CO 2 ) during glucose fermentation, so the isolate was defined as homo-fermentative. The fermentation profile was compared with the standard fermentation chart of other lactic acid bacteria. From this fermentation profile, it is inferred that the isolated strain is P. acidilactici [23, 24] . A similar fermentation profile was found reported for P. pentosaceus which has the ability to ferment amygdalin, raffinose, maltose, lactose, melibiose, saccharose and inulin. The strain was designated as LAB 5. The partial 16S rDNA sequences of the strain were compared to sequences from type LAB strains held in GenBank. Phylogenetic tree analysis by the neighbor-joining method [15] confirmed that this bacteriocin producing organism was P. acidilactici as it showed 100% sequence similarity with P. acidilactici (M 58833) (Fig. 2) . Bacillus subtilis (X60646) was used as an out-group organism. The isolated strain was designated as P. acidilactici LAB 5 (GenBank accession GQ240304) and the antimicrobial compound (bacteriocin) produced by this strain as Pediocin NV 5. Similar type of pediocin producer strains were also reported from other food sources like cucumber brines [10] , sorghum beer [25] , meat [26] and sausage [27] .
Antimicrobial Assay and Spectrum
Following spot-on-lawn and deferred methods the antimicrobial activity produced by the organism was assayed against a number of pathogenic and non-pathogenic bacteria (Fig. 3 ) that are associated with food and feed systems or otherwise pathogenic to human beings. The antimicrobial compound, Pediocin NV 5 was found to inhibit strongly to the species of Enterococcus, Leuconostoc, Listeria and Staphylococcus (Table 1 ) but failed to inhibit other Gram-positive and Gram-negative bacteria. Although deviating from the properties of the bacteriocin of lactic acid bacteria, there are reports that bacteriocin from some lactic acid bacteria can inhibit Gram-negative bacteria [17] too, the present isolate produced bacteriocin which could inhibit only related Gram-positive bacteria. Partial purification of the bacteriocin following the adsorption-desorption method [16] showed quite satisfactory in terms of cost, time and recovery of the product. The bacteriocin activity 
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Partial Purification and Characterization of the Antimicrobial Substance
The antimicrobial compound produced by the organism was stable at a pH range from 2 to 8 with better activity in the range of 2 to 5. The loss of activity in basic pH might be due to the degradation of the molecule. Similar type of observation was reported for Pediocin PA-1 [28] and Nisin [29, 30] where probably the secondary structure is distorted at alkaline pH. It also retained its antimicrobial activity in autoclaving temperature, 121°C for 20 min [17] . Enzyme treatment of the antimicrobial compound showed loss of activity when treated with proteolytic enzymes, proteinase K but quite resistant to other enzymes like a-amylase and lysozyme. So this antimicrobial activity by the stain was due to secretion of an extra cellular proteinaceous compound as it lost its activity when treated with proteolytic enzymes. This compound was found to be almost pure protein as it had retained its activity in a-amylase, lysozyme and organic solvent treatment [17] . Failure to retain antimicrobial activity when treated with b-mercaptoethanol, a reducing agent, suggested that it contains cystine residues which are responsible for its secondary configuration [31, 32] with antimicrobial activity. So, from the above point of findings it can be concluded that the antimicrobial compound produced by the strain is bacteriocin and was designated as Pediocin NV 5. Tricine SDS-PAGE analysis of partially purified bacteriocin showed its approximate molecular weight of 10.3 kDa (Fig. 4) .
Plasmid Curing and Antibiotic Markers
Plasmid curing with ascorbic acid resulted in producing bacteriocin negative mutant (Fig. 5) . It was a good plasmid curing agent when sub-cultured for one or two times but not for repeated i.e. six to seven times. More sub-culturing with ascorbic acid decreased the percent of cured strain. The ascorbic acid concentration at 0.5-1.0 mM generated maximum number of mutants. It was found that the cured strain produced colonies with small size whereas the native strain having larger one. This indicated that the plasmid bears some factors of multiplication. The size of the plasmid is approximately 5 kbp (Fig. 6 ) when tested on 0.6% agarose gel. From the figure it is evident that the cured strain lost the plasmid DNA of 5 kbp which is involved for bacteriocin production. Restriction enzyme digestion of plasmid DNA with EcoRI showed two bands with approx. molecular wt 2.8 and 2.2 kbp whereas HindIII digestion showed one band of approx. molecular wt 2.5 kbp (Fig. 7) . The restriction enzyme analysis also showed its 5 kbp size.
This plasmid DNA is quite dissimilar in size than other P. acidilactici strains like P. acidilactici CFR K7 which have 7.8 kbp plasmid [19] , P. acidilactici H (7.4 MDa) [33] , and P. cerevisiae FBB63 (10.5 MDa) [34] and P. pentosaceus FBB61 and L7230 possessed a 13.6-megadalton plasmid (pMD136) [11] . Both the native and the cured strains are sensitive to ampicillin (10 lg), cephalothin (30 lg), cephalexin (30 lg), cephaloridine (30 lg), chloramphenicol (30 lg), clindamycin (2 lg), erythromycin (15 lg), gentamicin (10 lg), kanamycin 30 lg), lincomycin (2 lg), methicillin (5 lg), norfloxacin (10 lg), oleandomycin (15 lg), oxacillin (1 lg), penicillin (2 units), penicillin V (3 lg), penicillin G (10 units), tetracycline (10 lg) and tobramycin (10 lg) antibiotics but the mutant strain in contrast to native strain is sensitive to amoxycillin (10 lg), cloxacillin (5 lg) and vancomycin (30 lg) and both the native and cured mutant strains are resistant to co-trimoxazole (25 lg). From this observation it is inferred that amoxycillin, cloxacillin and vancomycin resistant genes are located in the plasmid DNA whereas co-trimoxazole resistant gene is located in the genomic DNA. Pediococcus spp. are generally vancomycin resistant [35] . The present isolate also showed the same character. Similarity in the vancomycin resistance predicts its common ancestry with other species of Pediococcus. These antibiotic markers will help in performing transformation experiment and the suitability of the strain to use as dietary adjunct.
There is an increasing demand in controlling and combating the highly pathogenic and hazardous food pathogenic organisms like Listeria monocytogenes, L. mesenteroides, Enterococcus etc. associated with fermented milk and meat products with bio-preservatives. Pediocin NV 5 had proved its strong antimicrobial efficacy against L. mesenteroides, E. faecalis and L. monocytogenes. As this bacteriocin molecule is acidic pH resistant and stable at high temperature (121°C) so this Pediocin NV 5 opened the scope for its use in ready to eat fermented food products and the strain P. acidilactici LAB 5 and its antimicrobial products may also be applied in starter culture and bio-preservative in a variety of fermented foods.
